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S Uh1MAR`!

This document describes how the Allowable Residual Contamination Level (ARCL)
methodology and residual activity calculations were used in conjunction with
the in situ alternative to decommission the 116-H Stack. The ARCL value for
the stack burial site is 196 pCi/g and the residual concentration of the stack
rubble is 38 pCi/g. The residual concentration is about 19% of the ARCL value
and represents a site dose of approximately 4.8 mrem/year. The total
radionuclide inventory in the buried rubble is approximately 12 millicuries.

Application of the ARCL methodology to the 116-H Stack was very
straightforward and simplified because the structure contained only one
contaminated surface, i.e., the interior surface area of the stack. Specific
activity of the contamination was assumed to be uniformly distributed over the
inner surface. The depth of penetration of radionuclides into the inner
surface of the stack was determined to be about 1 cm, or 3/8-in. Based on the
isotopic analysis of the concrete core samples and the assumptions contained
in this report, the total curie inventory is considered an estimated quantity
and is not meant to be a precise measurement of the radioactivity in the
stack. This approach yields a curie inventory slightly higher than would
normally be expected and is considered to be conservative and consistent with
the ARCL methodology. Therefore, the estimated dose of 4.8 mrem/year
represents a theoretical maximum dose to a maximally exposed individual based
on the Residential/Construction Exposure Scenario.

The calculations in the document have been prepared in accordance with

UNI-2522, Allowable Residual Contamination Levels for Decommissionina
Facilities in the 100 Areas of the Hanford Site , and as authorized by the
Department of Energy in a letter to Hanford contractors, dated July 3, 1984,
from the Manager, DOE-RL.
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1.0 INTRODUCTION TO ALLOWABLE RESIDUAL CONTAMINATION LEVEL METHODOLOGY

The purpose of this report is to document the final radiological
characterization and to demonstrate the Allowable Residual Contamination
Level (ARCL) methodology resulting in the unrestricted release of the
116-H Stack. The ARCL value is a calculated limit which establishes the
amount of radioactive contamination that may remain in a structure when
it is demolished and buried in situ. The ARCL value for the 116-H Stack
was based on the analytical results of core samples taken from the
interior surface of the stack. The inner surface of the stack was
contaminated and considered to be one uniform strata . Once demolished,
the contaminated strata considered was no longer distinguishable within
the mixture of rubble in the burial trench. Therefore, the residual
activity in the rubble was calculated separately and compared to the ARCL
value for the decommissioned facility site. A residual concentration in
the rubble greater than the ARCL value would have indicated that the site
dose of 25 mrem/year had been exceeded and that some remedial action
would have been necessary prior to demolition. A residual concentration
in the rubble that is less than the ARCL value indicates the site dose is
less than 25 mrem/year and that no remedial action is required. In the
case of the 116-H Stack, residual contamination in the rubble was well
below the ARCL value. Residual and ARCL values, calculated separately,
are contained in this report.

Calculations consider only the 200-ft concrete stack and the inner floor
surface inside the stack. The metal intake plenum, or flue, was
disconnected from the stack and disposed of separately. ARCL
calculations were based upon an unrestricted use mode at the time of
release based on an annual dose rate of less than 25 mrem/year and a
contamination condition of 1-4 meters deep in soil. Residual
contamination levels in the stack rubble were based on the total mass of
concrete (excluding the foundation) and no credit for additional dilution
was taken for the 1-4 meters of dirt fill over the site; only that
allowed for in the ARCL methodology was considered.

2.0 116-H STACK LOCATION AND DESCRIPTION

The 100-H Area is located within the Hanford Site (Figure 1) on the south
bank of the Columbia River, in southeastern Washington State. The 116-H
Stack was constructed of concrete and rebar and extended 200 ft above
ground level. The stack was located on the south side of the 105-H
Reactor Building adjacent to the ventilation wing (Figure 2). Figure 3
is an aerial photograph of the 100-H Reactor complex showing the 116-H
Stack prior to demolition.

-1-
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Figure 3. Aerial Photoqraph Showinq 116-H Stack Prior to Demolition
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2.0 116-H STACK LOCATION AND DESCRIPTION (Cont'd)

The stack burial trench was excavated in a south by southwesterly
direction from the base of the stack, between the 117-H Filter Building
and the 1608-H Lift Station Building (Figure 4). The dimensions of the
burial trench were approximately 12 ft deep, 30 ft wide, and 200 ft long.

The stack and foundation were demolished by explosives on
September 16, 1983 (Reference 1). Demolition charges caused the stack to
fall into the excavated trench (Figure 5). After demolition of the
foundation, about one third of the foundation rubble was removed and
placed in the burial trench. This was partly done to make room for clean
fill over the foundation site and to confine rubble associated with the
stack floor in the stack burial trench. The remainder of the foundation
was buried in place and covered with at least one meter of clean fill.
The 116-H demolition site was then graded to conform with the natural
area topography.

3.0 RADIOLOGICAL CHARACTERIZATION

3.1 Core Samoles

Concrete core samples were collected from the 116-H Stack for the
purpose of establishing isotopic inventory and depth of radionuclide
penetration into the stack interior surface. Core samples were
obtained using a 4-in. diamond concrete core drill and portable
drive unit. Cores were drilled from the outside surface of the
stack inward. A total of five core samples were obtained: one core
sample each from the 15-ft, 19-ft, 30-ft, 56-ft, and 80-ft
elevations. Figure 6 shows the 116-H Stack and the locations of the
core samples.

Depth of radionuclide penetration was determined by removing three
successive layers from the interior surface of the core. First,
approximately 1/8 in. of concrete was chipped off the core face
(stack inner surface). The core was checked with a portable GM
survey meter with P-11 probe and the exposed surface of the core
indicated levels of radiation greater than 200 cpm per probe area
(probe size 12.5 cm2.

A second layer was removed from the core comprising about 1/8 in. of
concrete. The surface of the core was again checked with the same
portable GM instrument and no readings above 200 cpm per probe area
were observed. A third layer of about 1/8 in. was also removed from
the core, and the core was again surveyed with the portable GM
instrume2tation. No readings above 200 cpm per probe area
(12.5 cm ) on the surface of the core were observed. Approximately
1 cm of concrete was removed from the inside surface of each core.

-5-
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3.1 Core Samoles (Cont'd)

Every precaution was made to prevent cross contamination of the
samples removed from the cores. Each sample was given a unique
identification number with reference to its elevation in the stack
and distance from the inside surface of the stack. The
identification number is composed of three parts consisting of the
following notation: C-X-Y. The "C" stands for concrete core, the
"X" indicates the elevation of the sample, and "Y" indicates the
sequence the sample was removed from the core, e.g., 1= surface,
2 = second layer, and 3 = third layer. ( See Table 1 for analytical
results.)

3.2 Radiologjcai Instruments Used for Core Samole Analysis

Radiological Instruments

• Samples from Core 1

The following analyses were performed by:
United States Testing Co., Inc.
2800 George Washington Way
Richland, Washington 99352

Gamma scan - July 19, 1983; alpha/beta - July 26, 1983;
Carbon-14 - August 5, 1983; strontium-90 - October 5, 1983

• Samples from Cores 2-5.

Laboratory measurements for cobalt-60, cesium-137,
europium-152, and europium-154, were made using the Nuclear
Data, Model No. 60, Multi-Channel Analyzer (MCA) located in
Room 50, at the 100-N Reactor Facility. The MCA was equipped
with a 3 in. x 3 in. High Purity Germanium Scintillation
Detector. The MCA is operated and maintained by the Radiation
& Water Quality Control Section, 100-N Area. Calibration and
Quality Control procedures were conducted in accordance with
UNI-M-76 REV1, Effluent Radioanalvtical Proaram (Reference 4).

Total alpha analyses were made with the Canberra, Model 2404,
Low Background Alpha/Beta/Gamma Gas Proportional Counter
located at the Decommissicning Services Counting Laboratory,
183-KE, 100-K Area.

• Samples from Core 4

The three samples (layers)
Northwest Laboratories for

January 1987. The purpose
strontium-90 activity in t
activity and to verify the
in the concrete.

from core 4 were sent to Pacific
strontium-90 analysis in
for this was to determine the

ie core with the highest total
depth penetration of strontium-9C

-9-
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Table 1. 116-H Core Sample Analytical Data
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Survev Instrumen

Portable survey instruments for beta-gamma and alpha were
maintained and calibrated by the Instrument Calibration and
Evaluation Section, Pacific Northwest Laboratories, located in
the Hanford 300 Area.

Eberline Instrument Corp., Model BNW-1 with P-11 "Pancake" probe
(12.5 cm2).

Eberline Instrument Corp., Mcdel E-1406 with alpha scintillation
detector.

4.0 DETERMINATION OF THE ALLOWABLE RESIDUAL CONTAMINATION LEVELS (ARCL) FOR
THE 116-H STACK

4.1 ARCL M hodolocv

The objective of the analysis of radionuclides in soil or facilities
is the determination of whether radioactively contaminated sites
require further decontamination or remedial action prior to
demolition and burial in situ. The ARCL value for the 116-H Stack
was calculated to be 196 pCi/g. Based on this value and the
calculated residual radioactive concentration of the stack rubble,
no additional decontamination was required prior to demolition and
burial in situ. The ARCL methodology for the 116-H stack was based
on the following criteria:

•• Residential/Construction Exposure Scenario

• Unrestricted use at time of release based on an annual dose rate
of less than 25 mrem/year.

• Contamination condition of confined soil 1 to 4 meters deep.

• Assumed average activity of 1351 pCi/g distributed over 100%
of the inside surface of the stack. (Section 4.3.3)

4.2 Residential/Construction Exposu e Scenario

The residential/construction scenario is based on the
intruder/construction scenario develooed by the U.S. Nuclear
Regulatory Commission in the Draft Environmental Impact Statement in
support of 10 CFR Part 61 (U.S. NRC 1981). For this scenario, an
individual is assumed to dig a basement for a home into a subsurface
radioactive soil (or debris) zone. The radioactive soil is assumed
to be 2.5 m from the surface. Typical surface a5eas for a house are
assumed to be 20 m by 10 m, for an area of 200 m`. This. dimension

-11-
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4.2 Residential/Construction Exposure Scenario (Cont'd)

is assumed for the base of the foundation hole. The foundation hole

is assumed to be 3.5 m deep, with surface dimensions of 26 m by 16

m. The total excavation is assumed ? involve about 200 m3 of

contaminated rubVe mixed with 800 m of clean overburden soil. The

resulting 1000 m has a radionuclide concentration that is 20% of

the original concentration of contaminated soil. The contaminated

soil mixture Is assumed to be used as fill around the house and

distributed uniformly within a 25-m radius around the house.

For the residential/construction scenario, dose estimates are made

for the individual both during and after the construction

activities. The most restrictive individual dose resulting from

both scenarios for each radionuclide is then used in the ARCL

calculation. During construction the individual is assumed to spend

500 hours (over about a three month period) on the site. The

individual is assumed to inhale air with a dust concentration of

0.1E-4 g/m3 and to be exposed to direct radiation for the 500-hour

construction period. After the house is constructed, the individual

is assumed to reside there and conduct activities similar to those

identified by the NRC for the intruder/agriculture scenario.

4.3 A«umntions for the ARCL Calculations

4.3.1 Concrete Density

The density of the concrete was assumed to be 2.1 g/cm3 based

on standard industrial determination procedures. The rebar
in the concrete was not considered in the assumption.

4.3.2 Dgpth of Penetration

For purposes of establishing radionuclide concentrations and
isotopic inventory, the maximum penetration depth of all
nuclides was assumed to be no greater than 1 cm.

4.3.3 Radioactive Concentration 5

Average Core Concentrations

The 116-H Stack was designed and constructed in four
sections. Each section represented a change in diameter and
wall thickness. Three core samples were taken from stack
section 1. One core sample was taken from stack section 2
and one from stack section 3. Stack section 4 was not
sampled (Figure 6). Of the three core samples from section 1
(cores No. 1, No. 2 and No. 3), core sample No. 3 had the
highest total activity and was assumed to be representative
of the activity in section 1.

-12-
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Average Core Concentraticns (Cont'd)

Isotopic concentrations For each core sample were established
by averaging the activity of the isotopes in the three layers
of concern (Table 2).

It is assumed that isotopic concentrations within each stack
section were relatively consistent, and that increases and
decreases in isotopic activity are directly related to the
abundance of cesium-137. (It is understood that there may
not have been any consistent relationship between the
isotopic concentrations in the stack. However, for
estimating purposes, it is assumed to be reasonable.) The
assumption is based on the relatively consistent ratios of
cobalt-60 and cesium-137 between the core samples. The mean
ratio between cobalt-60 and cesium-137 in core samples No. 1,
No. 3, No. 4, and No. 5 is 1:16, with a standard deviation
of 3.

Weighted Averages

The isotopic concentrations in Sections 1 through 3 were
weighed against the percent surface area of the respective
section. Since sample No. 1 from the 15-foot level was
analyzed for all isotopes, ratios were calculated for
hydrogen-3, and carbon, using cesium-137 as the reference
isotope. From these ratios hydrogen-3 and carbon
concentrations were calculated for core samples No. 3, No. 4
and No. 5. These calculated concentrations are identified on
Table 2 by brackets.

The average concentration for the stack is determined by
adding the weighted concentrations of each section of the
stack. Section 4, which was not core sampled, was assumed to
be contaminated to the same degree as the total of sections 1
through 3. Based on the contamination profile (Figure 7),
this assumption appears to be conservative and consistent
with the ARCL methodology.

4.3.4 Exposure Scenario

The Residential/Construction scenario assumes that an
individual digs a basement for a home into the subsurface
radioactive soil (or debris) zone. The radioactive soil is
assumed to be 2.5 rn from the surface. The surface area for
the house is assumed to be 20 m x 10 m. The foundation hole
is assumed to be 3.5 m deep. The total excavation is assumed
to involve about 200 m.^ of contaminated rubble mixed with

-13-
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Table 2. Average and Total Concentration for the 116-H Stack
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4.3.4 Exoosure Scenario (Cont'd)

800 m3 of contaminated rubble mixed with 800 m3 of clean
overburden. Therefore, based on this scenario, only a
fraction of the contaminated stack rubble would be excavated;
wherever the 20 m x 10 m foundation hole happened to be
located. For the purposes of this estimate of the site dose,

it was assumed that the entire inventory of the stack would

be excavated from the foundation hole.

4.4 ARCL Calculation

The ARCL calculations for the 116-H Stack are presented in Table 3.
The ARCL value is a calculated concentration of radioactive

contamination that becomes the controlling level of contamination

that riust not be exceeded. The ARCL value is 196 pCi/g, and

represents a yearly site dose rate of 25 mrem/year to a maximally

exposed individual. The residual activity in the stack rubble,

buried 1-4 meters deep in soil, is 38 pCi/g. Determination of the

residual activity in the rubble is outlined in the following

section.

The calculations in the document have been prepared in accordance

with UNI-2522, Allowable Residual Contamination Levels for
Decomrnissionino Facilities int he 100 Areas of the Hanford Site , and

as authorized by the Department of Energy in a letter to Hanford

Contractors, dated July 3, 1984, from the Manager, DOE-RL

(References 5 and 6).

5.0 DETERVINATION OF ^ESTDUAL CONTAMINATION LEVELS IN THE 116-C RUBBLE

Calculations for surface area, volumes, mass and residual contamination

in the stack rubble are presented in Appendix A. The following data is a
summary of the residual contamination calculations.

STEP 1 Total Surface Area of Stack Interior:

6.4E+6 cm2

STEP 2 Total G+ass of Contaminated Concrete:

1.4E+7 a

STEP 3 Total Mass of Stack and Foundation:

3.2E+8 g

STEP 4 Total Isotopic Inventory (Based on the weighted average
concentration of 850 pCi/g x mass in Step 2):

1.2 E+10 pCi

-16-
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Table 3. ARCL Calculation
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5.0 DETERMINATION CF RESIDUAL CONTAMINATION LEVELS IN THE 116-C RUBBLE

(Cont'd)

STEP 5 Residual Activity of Stack and Foundation Rubble:

38 pCi/g

6.0 SUMMARY AND CONCLUSION

The 116-H Stack was demolished by explosives and buried in situ at a

depth of 1-4 meters in soil. The ARCL. value for the stack burial site is

196 pCi/g and the residual concentration of the rubble is 38.5 pCi/g. A

comparison of these two values can be made by referring to Figure 8,

where concentrations are plotted for each isotope identified. The total

residual activity for the site is about 19% of the ARCL value and

represents a site dose of approximately 4.8 mrem/yr. The total

radionuclide inventory in the buried rubble of the 116-H Stack, is

approximately 12 millicuries.

ARCL calculations were based on the Residential/Construction Exposure

Scenario as outlined in Section 4.2 of this report. Based on the

calculations contained in this report, the 116-H Stack was decommissioned

at a level less than the ARCL value and the dose to a maximally exposed

individual would be less than 25 mrem/year to the whole body or to any

organ. The 116-H Stack burial site is, therefore, released for

unrestricted use and no further remedial action is needed.
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